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Abstract 
Thin film plate acoustic resonators (FPAR) devices operating in the lowest order symmetric Lamb wave mode (S0), 
the first order asymmetric Lamb wave mode (A1) and the first order symmetric Lamb wave mode (S1), propagating 
in c-oriented aluminum nitride (AlN) membranes on Si were fabricated and tested for their sensitivities to pressure 
and mass. Systematic data on frequency shifts versus rigid mass (layer) thickness and ambient pressure variations are 
presented for the different Lamb wave resonances. Further the ability to work in liquid environment of the S0, A1 and 
S1 modes, respectively,  has been tested in view of Bio-sensor applications. 
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1. Introduction 
Thin film plate acoustic resonators (FPAR) represent novel class of integrated circuit compatible 
resonators utilizing guided modes in AlN (Aluminium Nitride) thin film membranes. More generally the 
lowest order symmetric Lamb wave (S0), the first order asymmetric (A1) and the first order aymmetric 
(S1) resonant modes, respectively, are found in the FPAR frequency spectra up to the lower GHz range. 
So far FPARs have demonstrated Q factors of up to 3000 (S0 mode), 1000 (A1 mode) and 1000 (S1 
mode) at a frequencies of 0.9GHz, 1.7GHz and 2.3GHz, respectively [1]. Among the variety of plate 
guided waves, the lowest order symmetric lamb wave (S0) has attracted specific interest due to its weak 
dispersion, high velocity >10000 m/s) and moderate electromechanical coupling. Currently two types of 
resonators employing the S0 Lamb wave in AlN membranes are being developed. The first one, utilize 
reflections from the edges of a suspended membrane [2,3] (found in literature as LWR (Lamb wave 
resonators) or Contour-extensional mode resonators), while the other utilize reflections from periodic strip 
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gratings representing distributed reflectors (Bragg type) similar to the reflectors used in surface acoustic 
wave (SAW) resonators. Both design types of resonators utilize inter-digital transducers (IDT) for 
excitation of the S0 Lamb wave. More specifically, S0 mode FPARs have demonstrated Q factors of up to 
3000 at a frequency of 0.9GHz [1] as well as robust thermal drift compensation [2,4]. Also, S0 mode 
FPAR based oscillators have exhibited low phase noise [3,5], which in turn is a prerequisite for achieving 
high sensor resolution. The latter motivated us for this study of the S0 mode under various perturbations. 
Further, sensitivity results for the A1 and the S1 modes are presented. The sensitivities of each of the 
FPAR modes are experimentally assessed through the relative frequency changes caused by mass,  
2. Experiments
The FPAR devices used in this study consist of an interdigital transducer, consisting of 55 Al quarter 
wavelength strips, and two reflector gratings, each consisting of 65 quarter wavelength Al strips, to form 
a resonator as shown in Fig. 1a. The acoustic wavelength Ȝ is 12 ȝm, while the AlN plate thickness d is 2 
ȝm. The FPAR lateral dimension is 1000ȝm x 500ȝm.  
 
The typical experimental frequency response of the FPAR is shown in Fig. 1b. Synchronous designs 
based on the above topology demonstrated quality factors as high as 1800 for the S0 mode, 300 for the 
A1 mode and 400 for the S1 mode. Note that in this specific case the Q factors demonstrated are 
somehow limited by technological deficiencies of the academic clean room facilities used.  
2.1. Pressure Sensitivity 
In Fig. 2a measured pressure sensitivities of the Lamb modes are shown. The highest fractional 
sensitivity belongs to the S0 mode. The measured fractional sensitivity of the S0 mode is in excess of 
6ppm/kPa. Differential pressure measurements between the S0 and the A1 modes could exclude the 
temperature drift owing to their similar temperature sensitivity (see Fig. 2b). 
 
    
(a) (b) 
Fig. 1. Thin Film Plate Acoustic Resonator (a) topology; (b) measured admittance  
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2.2. Mass sensitivity 
A typical way to address the mass sensitivity is by relating the frequency change to the mass and 
thickness of a loading layer. It is noted that the highly dispersive nature of the A1 and S1 modes imposes 
high sensitivity towards technological tolerances which in turn may limit the application of these modes. 
On the other hand the S0 mode can be almost insensitive to the technological tolerances [6]. We have 
further calculated the relative sensitivities    'h/f/fS 0 U'  towards SiO2 layers for both the S0 mode 
and the SAW at the same wavelength Ȝ=12 ȝm and AlN substrate. Accordingly, the S0 relative sensitivity 
(S=500 cm2/g) is found substantially higher than the SAW relative sensitivity (S=230 cm2/g). In Fig. 3a 
measured mass sensitivities of the different Lamb modes are shown for FPAR loaded by thin SiO2 layers. 
The highest fractional sensitivity belongs to the A1 mode, although the S0 mode demonstrates still high 
sensitivity of about 420 cm2/g. The A1 mode has further demonstrated response degradation due to the 
layer viscous losses, while the responses of the S0 and the S1 modes have retained almost unaffected. 
2.3. In-Liquid Operation 
Finally the FPAR has been tested in contact with water by dispensing a droplet on the membrane 
backside. The S0 Lamb wave has shown sufficient performance, further supporting independently 
published results [7]. The A1 mode attenuated completely, while the S1 mode dissipated its energy 
limiting the Q to only 13 (in air Q=570). In Fig. 3b the measured S0-mode FPAR responses, are shown, 
demonstrating Qs of 1700 (in air), 150 (in water) and 70 (in 50% glycerol solution), respectively. We 
observed a 9.2 MHz initial (from air to water) and additional 1.3MHz (from water to 50% glycerol 
solution) frequency shifts, respectively. A FPAR design with metalized bottom side of the membrane 
would electrically isolate the FPAR from the liquid (making the device sensitive to the liquid mechanical 
properties only) as well as further improve the electromechanical coupling [1], resulting in higher in-
liquid performance. Thus, FPAR designs with Au backside metallization seem to be promising candidate 
for biosensor applications. 
  
 
 
 
(a)                                                                                 (b) 
Fig. 2. (a) FPAR sensitivity to ambient pressure; (b) FPAR temperature drift  
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Fig. 3. (a) Mass sensitivity (b)S0 Lamb resonance in-liquid performance 
3. Conclusion 
The S0 Lamb wave in thin films offers a unique combination of weak dispersion, moderate coupling, low 
noise as well as high sensitivity to mass and pressure. Its ability to operate in liquid environments could 
be employed in integrated Bio-sensor applications.  
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